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© An insulated gate field effect transistor compris- 
ing a semiconductor substrate having one side on 
which a cell area is composed of a plurality of first 
wells of a first conductivity type, each of the first 
wells containing a source region of a second con- 
ductivity type, a channel region is defined in the 
surface portion of the semiconductor substrate ad- 
joining to the source region, a gate electrode is 
formed, via a gate insulating film, at least over the 
channel region, a source electrode is in common 
contact with the respective source regions of the 
plurality of first wells; the semiconductor substrate 
having the other side on which a drain electrode is 
provided; and a current flowing between the source 
electrode and the drain electrode through the chan- 
nel being controlled by a voltage applied to the gate 
electrode; wherein: a guard ring area is disposed on 
the one side of the semiconductor substrate so as to 
surround the cell area; and the source electrode has 
an extension connected to a second welt of a sec- 
ond conductivity type formed in the one side be- 
tween the cell area and the guard ring area to 
provide a by-pass such that, when a current con- 
centration occurs within the guard ring area, the 
concentrated current is conducted directly to the 
source electrode in the cell area through the by- 
pass, thereby preventing the concentrated current 



from causing a forward biassing between the first 
wells and the source region. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an insulated 
gate field effect transistor advantageously applica- 
ble as a high proof voltage and high current power 
switching element such as an \n\zerter for starting a 
motor, a power supply, an igniter, etc. 

2. Description of the Related Art 

An insulated gate field effect transistor has a 
MOS structure and is driven by voltage, so that it 
operates using a lower power than a bipolar tran- 
sistor and does not easily cause thermal runaway. 
It includes a power MOSFET (DMOS), which is a 
unipolar device, and an IGBT, which is a bipolar 
device. The IGBT has a structure similar to that of 
the power MOSFET, except that the former has a 
pn junction in a drain region to cause conductivity 
modulation in the high resistivity drain layer during 
operation thereby simultaneously providing both a 
high proof voltage and a low ON-resistance that are 
not attainable by a power MOSFET. 

For example, Fig. 1 is a sectional view showing 
part of an IGBT having a cell area surrounded by a 
guard ring area for ensuring a high proof voltage. 
This structure is fabricated by the following pro- 
cess. 

A semiconductor substrate consists of a p* 
layer 1 (first semiconductor layer). A high resistivity 
n~ layer 2 (second semiconductor layer) is formed 
on the p* layer 1 by chemical vapor deposition 
process. Then, p layers 3, 4, and 5 (third, fourth, 
and fifth semiconductor layers) are simultaneously 
formed to a depth of 3 to 6 urn by selective 
diffusion, p layer 9 and n + layer 6 (fourth semicon- 
ductor layer) are then formed by selective diffusion. 
This process includes oxidization of the surface of 
the n~ layer 2 to form a gate oxide or insulating 
film 7, on which a gate electrode 8 is then formed 
and utilized as a mask in a DSA process to form 
the p layer 9 and the n + layer (source region) 6 in 
a self-aligned manner to provide a channel. There- 
after, an interlaminar insulating layer 10 is formed 
and then, to provide ohmic contacts to the p layer 

3. the n * layer 6, and the p layer 4, contact holes 
are opened through the upper oxide layer. A sev- 
eral urn thick aluminum layer is then deposited and 
selectively etched to form a source electrode 1 1 , a 
gate electrode lead line 15, and a source electrode 
lead line 11a. On the reverse side of the p + layer 1, 
a metal layer is deposited to provide a drain elec- 
trode 12. 

Fig. 2 is a plan view of a device having the 
cross-sectional structure shown in Fig. 1. In Fig. 2, 
the source electrodes 1 1 are shown as grooved 



stripes 22 which, together with p wells consisting of 
the p regions 3 and 9 (hereinafter collectively re- 
ferred to as "p well 3/9" or "p region 3/9"), are 
repeated at a selected interval to compose a cell 

5 area A, such that the cell area A has the source 
electrodes 1 1 on the top surface. The cell area A 
has the periphery surrounded by the p region 4, on 
which the source electrode lead line 11a, the gate 
electrode lead line 15, a source electrode pad 30, 

io and a gate electrode pad 31 are formed. As shown 
in Fig. 1, the source electrode lead line 11a and 
the gate electrode lead line 15 have respective 
contact holes 21 and 25 extending through insulat- 
ing layers. The source electrode lead line 1 1 a fixes 

;s the potential over the whole device-and ensures 
uniform potential upon operation. 

One or more guard rings 5 surround the p 
region 4 with a selected space therebetween. The 
guard rings 5 compose a guard ring area sur- 

20 rounded by a channel stopper region 13 to sup- 
press propagation of, and avoid influence by, any 
depletion layer occurring when the substrate pe- 
riphery is subjected to a high voltage. An 
equipotential ring 16 imparts a uniform potential to 

25 the channel stopper region 13 entirely. 

In the above construction, when a voltage is 
applied to the gate electrode 8, a channel is 
formed to provide a current path between the drain 
electrode 12 and the source electrode 11. 

30 In contrast to this normal operation, a surge 

voltage greater than the normal operating voltage is 
occasionally applied across the drain electrode 12 
and the source electrode 1 1 . Under such a con- 
dition, the pn junction composed of the p well 3/9 

35 and the n~ layer 2 is reverse-biassed, so that a 
depletion layer propagates in the high resistivity n~ 
layer 2. in the area A of Fig. 2, the depletion layer 
propagates to the neighboring p wells 3/9 and the 
intervening n~ layer 2 to cause mutual overlap 

40 thereby relaxing the working electric field. A maxi- 
mum electric field E A thus occurs at the pn junction 
at the bottom of the p well 3/9. 

On the other hand, the p layer 4 is located 
outside of the periphery of the p well 3/9. In the 

45 area B extending from the outer end of the p layer 
4 to the free end of the n~ layer 2, the above 
relaxation of the electric field does not occur, so 
that a maximum electric field E B occurs along the 
periphery of the p layer 4 or in the vicinity thereof 

so at the surface of the n " layer 2. 

It is generally true that E A > E B . To improve 
the proof voltage of the area B, or of the device, by 
decreasing the E B value close to the E A value, the 
guard rings 5 are repeatedly arranged to decrease 

55 the maximum field E B of the area B. 

When a surge voltage is applied to the drain 
electrode 12, the electric field E G in the guard ring 
area is raised, so that a large number of eiectron- 
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hole pairs are generated in the area outside of the 
outermost guard ring of the guard ring area due to 
impact ionization. Under this condition, the electric 
field E G in the guard ring area is greater in a 
curved portion of the guard ring area than in a 
linear portion, when seen on a plan view. Among 
the generated carriers, the holes flow out to the 
source electrode 1 1 or the source electrode lead 
line 11a and the electrons flow to the p + layer or 
substrate 1 , into which other holes are newly intro- 
duced. This phenomenon includes occurrence of 
currents flowing along the paths shown by the 
arrows in Fig. 1. A current along path "a" is con- 
ducted through the thin source lead line 11a along 
the p layer 4 to the source electrode pad 30, which 
includes a relatively high resistivity to the current, 
so that the current "a" is less in amount than the 
current "b w which flows directly to the source elec- 
trode 1 1 . This results in greater current concentra- 
tion in the cell area A near the curved portion of 
the guard ring area than in the cell area A along 
the linear portion of the the guard ring. 

Consequently, a high current "b" flows through 
the p layer 9 in the cell area A near the curved 
portion of the guard ring to cause a voltage reduc- 
tion leading to a forward-biassing at the pn junction 
between the n + layer 6 and the p layer 9, which 
activates a parasitic transistor to cause breakdown 
due to current concentration. 

To improve the antibreakdown endurance, the 
guard ring area must have an improved proof volt- 
age. To provide an improved proof voltage of the 
guard ring area, the guard rings or diffused regions 
must be increased in depth and/or number. How- 
ever, when a diffused region is formed to an in- 
creased depth, the obtained diffused region is also 
increased in width and consequently, the guard 
ring area occupies an increased area in the device. 
Moreover, the diffusion regions of the guard ring 
are usually formed simultaneously with the diffu- 
sion regions in the cell area in order to reduce the 
number of the necessary photolithographic masks, 
so that an increase in the width of the former is 
associated with an increase in the width of the 
latter resulting in a further increase in the area of 
the device chip. On the other hand, increase in the 
number of the diffused region of the guard ring 
area also requires an increased area occupied by 
the guard ring area, leading to an increase in the 
chip area. 

The same problem occurs in MOSFETs in that, 
although an n-type semiconductor substrate 1 does 
not inject the minority carriers (or holes in this 
case) into a transistor formed therein, an unusually 
high electric field developed in the guard ring area 
generates a flow of impact-ionized carriers which 
forms a large current flowing through the p layer 9 
near the curved portion of the guard ring area, and 



the resulting voltage reduction causes forward-bias- 
sing of the pn junction between the n + layer 6 and 
the p layer 9, which activates a parasitic transistor 
to cause breakdown due to current concentration. 

5 

SUMMARY OF THE INVENTION 

The object of the present invention is to solve 
the above-mentioned conventional problems, spe- 

w cifically to provide an insulated gate field effect 
transistor having an improved antibreakdown en- 
durance of devices against an unusually increased 
electric field intensity in the guard ring area due to 
a surge voltage, with no increase in the chip area 

15 or size. 

To achieve the object according to the present 
invention, there is provided an insulated gate field 
effect transistor comprising a semiconductor sub- 
strate having one side on which a cell area is 

20 composed of a plurality of first wells of a first 
conductivity type, each of the first wells containing 
a source region of a second conductivity type, a 
channel region is defined in the surface portion of 
the semiconductor substrate adjoining to the 

25 source region, a gate electrode is formed, via a 
gate insulating film, at least over the channel re- 
gion, a source electrode is in common contact with 
the respective source regions of the plurality of first 
wells; the semiconductor substrate having the other 

30 side on which a drain electrode is provided; and a 
current flowing between the source electrode and 
the drain electrode through the channel being con- 
trolled by a voltage applied to the gate electrode; 
wherein: 

35 a guard ring area is disposed on the one side 

of the semiconductor substrate so as to surround 
the cell area; and 

the source electrode has an extension con- 
nected to a second well of a first conductivity type 
40 formed in the one side between the cell area and 
the guard ring area to provide a by-pass such that, 
when a current concentration occurs within the 
guard ring area, the concentrated current is con- 
ducted directly to the source electrode in the cell 
45 area through the by-pass, thereby preventing the 
concentrated current from causing a forward bias- 
sing between the first wells and the source region. 

Preferably, the source electrode includes a cell 
portion connected to the source region in the first 
50 well and a pad portion connected to an external 
lead electrode, and the by-pass includes the exten- 
sion of the cell portion of the source electrode. 

According to the present invention, there is 
also provided an insulated gate field effect transis- 
55 tor comprising: 

a first semiconductor layer; 
a second semiconductor layer of a first con- 
ductivity type in contact with the first semiconduc- 
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tor layer; 

a third semiconductor layer of a second con- 
ductivity type formed in the second semiconductor 
layer, with a junction between the second semicon- 
ductor layer and the third semiconductor layer ter- 
minating at a surface of the second semiconductor 
layer; 

a fourth semiconductor layer of the first con- 
ductivity type formed in the third semiconductor 
layer, with a junction between the third semicon- 
ductor layer and the fourth semiconductor layer 
terminating at a surface of the third semiconductor 
layer; 

a gate electrode formed, via a gate insulating 
film, at least over a channel region provided by a 
surface of the third semiconductor layer in a por- 
tion between the second semiconductor layer and 
the fourth semiconductor layer; 

a source electrode in contact with both the 
third semiconductor layer and the fourth semicon- 
ductor layer; 

a drain electrode for supplying a drain current 
through the first semiconductor layer; and 

a plurality of the third semiconductor layers 
compose a cell area in which the gate electrode is 
commonly connected to the plurality of the third 
semiconductor layers; wherein: 

a guard ring area is formed between the cell 
area and a periphery of the second semiconductor 
layer to provide a band pattern surrounding the cell 
area; and 

the source electrode has an extension con- 
nected to a fifth semiconductor layer of the second 
conductivity type formed between the cell area and 
the guard ring area to provide a by-pass such that, 
when a current concentration occurs within the 
guard ring area, the concentrated current is con- 
ducted directly to the source electrode in the cell 
area through the by-pass, thereby preventing the 
concentrated current from causing a forward bias- 
sing between the first wells and the source region. 

Preferably, the source electrode includes a cell 
portion connected to the source region in the third 
semiconductor layer and a pad portion connected 
to an external lead electrode, and the by-pass 
includes the extension of the cell portion of the 
source electrode. 

According to the present invention, there is 
also provided an insulated gate field effect transis- 
tor comprising: 

a first semiconductor layer; 

a second semiconductor layer of a first con- 
ductivity type in contact with the first semiconduc- 
tor layer; 

a third semiconductor layer of a second con- 
ductivity type formed in the second semiconductor 
layer, with a junction between the second semicon- 
ductor layer and the third semiconductor layer ter- 



minating at a surface of the second semiconductor 
layer; 

a fourth semiconductor layer of the first con- 
ductivity type formed in the third semiconductor 
5 layer, with a junction between the third semicon- 
ductor layer and the fourth semiconductor layer 
terminating at a surface of the third semiconductor 
layer; 

a gate electrode formed, via a gate insulating 
io film, at least over a channel region provided by a 
surface of the third semiconductor layer in a por- 
tion between the second semiconductor layer and 
the fourth semiconductor layer; 

a source electrode in contact with both the 
75 third semiconductor layer and the fourth semicon- 
ductor layer; 

a drain electrode for supplying a drain current 
through the first semiconductor layer; and 

a plurality of the third semiconductor layers 
20 compose a cell area in which the gate electrode is 
commonly connected to the plurality of the third 
semiconductor layers; wherein: 

a guard ring area is formed between the cell 
area and a periphery of the second semiconductor 
25 layer to provide a band pattern surrounding the cell 
area; 

a fifth semiconductor layer is formed in a sur- 
face of the second semiconductor layer in a portion 
between the cell area and a curved portion of the 
30 guard ring area; and 

the source electrode has an extension lying 
outside the cell area and connected to the fifth 
semiconductor layer. 

The cell area may comprise cells in the form of 
35 a stripe or polygon. 

The curved portion of the guard ring area may 
comprise either a smooth curve or one or more 
angular edges. 

In one embodiment, the fifth semiconductor 
40 layer is formed outside and surrounding the cell 
area and both a gate electrode lead line and a 
source electrode lead line are formed on the fifth 
semiconductor layer. In another embodiment, either 
a source electrode lead line or a gate electrode 
45 lead line is formed on the fifth semiconductor layer. 

Preferably, in the vicinity of the curved portion 
of the guard ring area, a contact between the gate 
electrode of the cell area and the gate electrode 
lead line formed on the fifth semiconductor layer 
so and a contact between the extension of the source 
electrode and the fifth semiconductor layer are 
alternately disposed. 

Preferably, along the entire periphery of the 
cell area, a contact between the gate electrode of 
55 the cell area and the gate electrode lead line 
formed on the fifth semiconductor layer and a 
contact between the extension of the source elec- 
trode and the fifth semiconductor layer are al- 
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ternately disposed. 

Preferably, inside the curved portion of the 
guard ring, between the fifth semiconductor layer 
and the cell area, a sixth semiconductor layer of 
the second conductivity type is provided and con- 
nected to the source electrode of the cell area. 

According to the present invention, there is 
further provided an insulated gate field effect tran- 
sistor comprising: 

a first semiconductor layer; 

a second semiconductor layer of a first con- 
ductivity type in contact with the first semiconduc- 
tor layer; 

a third semiconductor layer of a second con- 
ductivity type formed in the second semiconductor 
layer, with a junction between the second semicon- 
ductor layer and the third semiconductor layer ter- 
minating at a surface of the second semiconductor 
layer; 

a fourth semiconductor layer of the first con- 
ductivity type formed in the third semiconductor 
layer, with a junction between the third semicon- 
ductor layer and the fourth semiconductor layer 
terminating at a surface of the third semiconductor 
layer; 

a gate electrode formed, via a gate insulating 
film, at least over a channel region provided by a 
surface of the third semiconductor layer in a por- 
tion between the second semiconductor layer and 
the fourth semiconductor layer; 

a source electrode in contact with both the 
third semiconductor layer and the fourth semicon- 
ductor layer; 

a drain electrode for supplying a drain current 
through the first semiconductor layer; and 

a plurality of the third semiconductor layers 
compose a cell area in which the gate electrode is 
commonly connected to the plurality of the third 
semiconductor layers; wherein: 

a guard ring area is formed between the cell 
area and a periphery of the second semiconductor 
layer to provide a band pattern surrounding the cell 
area; and 

a dummy layer composed of the third semi- 
conductor layer in which the fourth semiconductor 
layer is not formed in the vicinity of a curved 
portion of the guard ring area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a conventional insulated gate 
bipolar transistor (IGBT), in a sectional view; 
Fig. 2 shows a layout pattern of an entire device 
chip including the IGBT of Fig. 1, in a plan view; 
Fig. 3 partially shows a layout pattern of a 
device chip including an IGBT according to the 
first embodiment of the present invention, in a 
plan view; 



Fig. 4 shows the IGBT of the first embodiment, 
in a cross-sectional view along line a-a' of Fig. 
3; 

Fig. 5 shows the IGBT of the first embodiment, 
5 in another cross-sectional view along line b-b' of 

Fig. 3; 

Fig. 6 partially shows a layout pattern of a 
device chip including an IGBT according to the 
second embodiment of the present invention, in 
to a plan view; 

Fig. 7 shows the IGBT of the second embodi- 
ment, in a cross-sectional view along line a-a' of 
Fig. 6; 

Fig. 8 shows the IGBT of the second embodi- 
es ment, in another cross-sectional view along line 
b-b' of Fig. 6; 

Fig. 9 partially shows a layout pattern of a 
device chip including an IGBT according to the 
third embodiment of the present invention, in a 
20 plan view; 

Fig. 10 shows the IGBT of the third embodi- 
ment, in a cross-sectional view along line a-a' of 
Fig. 9; 

Fig. 11 shows the IGBT of the third embodi- 
25 ment, in another cross-sectional view along line 
b-b' of Fig. 9; 

Fig. 12 partially shows a layout pattern of a 
device chip including an IGBT according to the 
fourth embodiment of the present invention, in a 
30 plan view; 

Fig. 13 shows the IGBT of the fourth embodi- 
ment, in a cross-sectional view along line a-a' of 
Fig. 12; and 

Fig. 14 shows the IGBT of the fourth embodi- 
es ment, in another cross-sectional view along line 
b-b' of Fig. 12. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

40 

According to the first and second aspects of 
the present invention, when a surge voltage causes 
a current concentration in the guard ring area, the 
concentrated current is directly conducted through 

45 a by-pass to the source electrode in the cell area 
to thereby prevent forward-biassing between the 
well and the source region due to the concentrated 
current, so that the device has an advantageously 
improved antibreakdown endurance against an un- 

50 usually increased electric field intensity in the 
guard ring area due to the surge voltage. 

According to the third aspect of the present 
invention, the third semiconductor layer in the vi- 
cinity of the curved portion of the guard ring area is 

55 a dummy layer not containing the fourth semicon- 
ductor layer, so that, even when a surge voltage 
causes a current concentration in the vicinity of the 
guard ring area, the dummy layer has no pn junc- 
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tions and does not cause a "latched-up" or inter- 
rupted state of the transistor, thereby advanta- 
geously providing an improved antibreakdown en- 
durance. 

Example 1 

Figures 3 to 5 show the first embodiment of 
the present invention. The shown n-channel IGBT 
has the same chip layout pattern as shown in Fig. 

2, except that the corner area C of Fig. 2 is 
replaced by a different arrangement shown in Fig. 

3. The area C represents four corners of the chip 
layout pattern which have the same arrangement. 
Figures 4 and 5 show cross sections along lines a- 
a' and b-b' of Fig. 3, respectively, including the 
guard ring area. Cross sections will be shown in 
the same manner in the later Examples. The same 
symbols denote the corresponding portions of the 
structure shown in Fig. 1. 

The first embodiment of the present invention 
is different from the conventional structure shown 
in Figs. 1 and 2 in that in the corner area C, a 
source electrode 11 has an extension 11b extend- 
ing outwardly from the cell area and brought into 
contact with the p region 4 via a contact hole 23 
through an interlaminar insulating layer 10, as can 
be seen from the plan view pattern of Fig. 3 and 
the cross section of Fig. 4. 

In this arrangement, when an applied surge 
voltage imparts a plus potential to the drain elec- 
trode 12 relative to the source electrode 11, an 
intense electric field is generated in the vicinity of 
the corner of the guard ring area and carriers are 
generated by impact ionization. When the thus- 
generated carriers flows as a current toward the 
source electrode 1 1 of the cell area, the extension 
11b of the source electrode 11 extracts the flowing 
carriers or excess current through the p region 4 to 
reduce the amount of the current flowing into the 
cell area. Namely, the extension 11b forms a by- 
pass which directly conducts the generated current 
to the source electrode 1 1 and thereby, prevents 
the occurrence of a forward biassing between the p 
well 3/9 and the source region 6 and the resulting 
"latch-up" of the transistor, to consequently pro- 
vide an improved antibreakdown endurance. 

It should be noted that this embodiment has a 
plan-view arrangement in which the region 11b 
forms the by-pass in the curved or corner portions 
whereas the region 15 forms the gate electrode 
lead line in the linear portions. Both the corner and 
linear portions have an outermost source electrode 
lead line 11a. 

Typically, the source electrode 1 1 may include 
a cell portion 22 (Fig. 2) connected to the source 
region 6 in the first or p well 3/9 and a pad portion 
30 (Fig. 2) connected to an external lead electrode, 



and the by-pass includes the extension 11b of the 
cell portion 22 (Fig. 2) of the source electrode 1 1 . 

Example 2 

5 

Figures 6 to 8 show the second embodiment of 
the present invention. Figure 6 shows the corner 
area C, Figs. 7 and 8 show cross sections along 
lines a-a' and b-b' of Fig. 6, respectively. 

w This second embodiment has the same feature 

as the first embodiment in that, in the corner area 
C, a source electrode 11 has an extension 11b 
extending outwardly from the cell area and brought 
into contact with the p region 4 via a contact hole 

75 23 through an interlaminar insulating layer 10, as 
can be seen in Fig. 7. 

Moreover, the second embodiment also has an 
additional feature that a contact region 26 in which 
the extension 11b of the source electrode 11 is in 

20 contact with the p region 4 and a contact region 27 
in which an extension of the gate electrode 8 is in 
contact with the gate lead line 15 are alternately 
disposed, at least along the linear portion of the 
guard ring area in the vicinity of the curved portion 

25 thereof. 

The additional feature of the second embodi- 
ment provides an additional advantage that the 
area for extracting the excess current is increased 
in the unit area of the device to further decrease 

30 the current flowing into the ceil area and prevent 
occurrence of the "latch-up", thereby further im- 
proving the antibreakdown endurance. 

If the alternate contact region pattern of this 
embodiment entirely surrounds the periphery of the 

35 cell area, the carrier extracting extension 11b, 
which is in contact with the p region 4 through the 
contact hole 26, also stabilizes the peripheral po- 
tential, so that the source lead line 11a is not 
necessary and the area of the p region 4 can be 

40 reduced. It is also advantageous that, when an 
inversion layer is formed in the channel, the elec- 
tron current through the channel is protected from 
a hole current concentration because holes injected 
from the p f layer 1 are also extracted, thereby 

45 improving the anti-"latch-up" endurance. 

Example 3 

Figures 9 to 11 show the third embodiment of 
so the present invention. Figure 9 shows the corner 
area C, and Figs. 10 and 11 show cross sections 
along lines a-a' and b-b' of Fig. 9, respectively. 

The third embodiment has a feature that, in the 
area D defined by a double-dotted line shown in 
55 Fig. 9, in the cell area in the vicinity of the curved 
portion of the guard ring area shown in Fig. 10, the 
n + source region 6 is not formed in the p well 3/9 
so that the p well 3/9 is a dummy layer in the 
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limited area D. 

This feature of the third embodiment has an 
advantage that, even when a surge voltage gen- 
erates an intense electric field in the vicinity of the 
curved portion of the guard ring and a current of 5 
carriers generated by impact ionization flows to- 
ward the source electrode 11, the absence of the 
n + region 6 ensures the absence of a parasitic 
transistor structure, so that the antibreakdown en- 
durance is improved by the absence of a parasitic w 
transistor operation. 

Namely, according to the third embodiment, 
the corner area C contains no channel regions and 
therefore, accepts no injection of an electron cur- 
rent, so that the injected hole amount is also re- is 
duced and the area for extracting the excess cur- 
rent is increased, which both synergistically im- 
prove the anti-"latch-up" endurance. 

The p regions 3/9 of the area D have the same 
shape and pitch as those of the cell area, so that 20 
application of a drain voltage can produce the 
same propagation manner of the depletion layer, 
i.e., the same electric field distribution, in both the 
area D and the cell area to establish uniform poten- 
tial distribution over the entire chip area. This en- 25 
sures a uniform junction current without current 
concentration even under a surge voltage occurring 
at a large dv/dt value. The p regions 3/9 may be 
separately formed in the area D and in the cell 
area. 30 

Example 4 

Figures 12 to 13 show the fourth embodiment 
of the present invention. Figure 12 shows the cor- 35 
ner area C and Figs. 13 and 14 show cross sec- 
tions along lines a-a' and b-b* of Fig. 12, respec- 
tively. 

The fourth embodiment has a feature that a p 
region 24 is provided between the cell area and the 40 
p region 4 and the extension of the source elec- 
trode 11 is in contact with the p region 24 via a 
contact hole 29 through an insulating layer. 

This feature provides an advantage that, when 
a surge voltage generates an intense electric field 45 
in the vicinity of the curved portion of the guard 
ring and a current of carriers generated by impact 
ionization flows toward the source electrode 1 1 , the 
p region 24 extracts carriers through the contact 
hole 29, thereby prevents the occurrence of current so 
concentration to the cell area in the corner area C, 
suppresses activation of a parasitic transistor in the 
cell area, and improves the antibreakdown endur- 
ance. 

Namely, according to the fourth embodiment, 55 
an enlarged area of contact with the p regions 
provides an advantage that, when an inversion lay- 
er is formed in the channel, the electron current 



through the channel is protected from a hole cur- 
rent concentration to the cell area near the corner 
area C, because holes injected from the p f layer 1 
are extracted to prevent the current concentration. 

If the extracting region has a fan or sector 
shape, when a current of holes from the curved 
portion of the guard ring area of the corner area C 
flows toward the cell area, the hole current can be 
more efficiently extracted. The p region 24 and the 
contact hole 29 may have an increased dimension 
either in the X or Y coordinate directions on the 
plan view. The p regions 24 and 4 may be unified 
and the contact holes 26 and 29 may also be 
unified. 

Although Examples 1 through 4 described a 
stripe cell pattern, it can be readily recognized that 
a cell pattern in the form of a quadrangle, hexagon, 
octagon, or other polygons will provide the same 
advantages as described above according to the 
present invention. 

Two or more of the above-described embodi- 
ments may be combined to provide a further im- 
proved antibreakdown endurance. For example, the 
third and fourth embodiments include the feature of 
the second embodiment and can be recognized as 
a modification of the second embodiment. 

The curved portion of the guard ring area may 
not be an entirely smooth curve but may contain 
one or more angular edges. 

It should also be appreciated that, although 
Examples 1 to 4 describe an n-channel IGBT, the 
present invention may also be evenly applied to a 
p-channel IGBT. 

Example 1 may be also applied to a MOSFET 
having a first semiconductor layer made of an n + 
layer. 

Claims 

1. An insulated gate field effect transistor com- 
prising a semiconductor substrate having one 
side on which a cell area is composed of a 
plurality of first wells of a first conductivity 
type, each of said first wells containing a 
source region of a second conductivity type, a 
channel region is defined in the surface portion 
of said semiconductor substrate adjoining to 
said source region, a gate electrode is formed, 
via a gate insulating film, at least over said 
channel region, a source electrode is in com- 
mon contact with the respective source regions 
of said plurality of first wells; said semiconduc- 
tor substrate having the other side on which a 
drain electrode is provided; and a current flow- 
ing between said source electrode and said 
drain electrode through said channel being 
controlled by a voltage applied to said gate 
electrode; wherein: 
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a guard ring area is disposed on said one 
side of said semiconductor substrate so as to 
surround said cell area; and 

said source electrode has an extension 
connected to a second well of a first conductiv- 5 
ity type formed in said one side between said 
cell area and said guard ring area to provide a 
by-pass such that, when a current concentra- 
tion occurs within said guard ring area, the 
concentrated current is conducted directly to w 
said source electrode in said cell area through 
said by-pass, thereby preventing said concen- 
trated current from causing a forward biassing 
between said first wells and said source re- 
gion. /5 

An insulated gate field effect transistor accord- 
ing to claim 1, wherein said source electrode 
includes a cell portion connected to said 
source region in said first well and a pad 20 
portion connected to an external lead elec- 
trode, and said by-pass includes said exten- 
sion of said cell portion of said source elec- 
trode. 

25 

An insulated gate field effect transistor com- 
prising: 

a first semiconductor layer; 

a second semiconductor layer of a first 
conductivity type in contact with said first 30 
semiconductor layer; 

a third semiconductor layer of a second 
conductivity type formed in said second semi- 
conductor layer, with a junction between said 
second semiconductor layer and said third 35 
semiconductor layer terminating at a surface of 
said second semiconductor layer; 

a fourth semiconductor layer of the first 
conductivity type formed in said third semicon- 
ductor layer, with a junction between said third 40 
semiconductor layer and said fourth semicon- 
ductor layer terminating at a surface of said 
third semiconductor layer; 

a gate electrode formed, via a gate insulat- 
ing film, at least over a channel region pro- 45 
vided by a surface of said third semiconductor 
layer in a portion between said second semi- 
conductor layer and said fourth semiconductor 
layer; 

a source electrode in contact with both so 
said third semiconductor layer and said fourth 
semiconductor layer; 

a drain electrode for supplying a drain 
current through said first semiconductor layer; 
and 55 

a plurality of said third semiconductor lay- 
ers compose a cell area in which said gate 
electrode is commonly connected to said plu- 



rality of said third semiconductor layers; 
wherein: 

a guard ring area is formed between said 
cell area and a periphery of said second semi- 
conductor layer to provide a band pattern sur- 
rounding said cell area; and 

said source electrode has an extension 
connected to a fifth semiconductor layer of the 
second conductivity type formed between said 
cell area and said guard ring area to provide a 
by-pass such that, when a current concentra- 
tion occurs within said guard ring area, the 
concentrated current is conducted directly to 
said source electrode in said cell area through 
said by-pass, thereby preventing said concen- 
trated current from causing a forward biassing 
between said first wells and said source re- 
gion. 

4. An insulated gate field effect transistor accord- 
ing to claim 3, wherein said source electrode 
includes a cell portion connected to said 
source region in said third semiconductor layer 
and a pad portion connected to an external 
lead electrode, and said by-pass includes said 
extension of said cell portion of said source 
electrode. 

5. An insulated gate field effect transistor com- 
prising: 

a first semiconductor layer; 

a second semiconductor layer of a first 
conductivity type in contact with said first 
semiconductor layer; 

a third semiconductor layer of a second 
conductivity type formed in said second semi- 
conductor layer, with a junction between said 
second semiconductor layer and said third 
semiconductor layer terminating at a surface of 
said second semiconductor layer; 

a fourth semiconductor layer of the first 
conductivity type formed in said third semicon- 
ductor layer, with a junction between said third 
semiconductor layer and said fourth semicon- 
ductor layer terminating at a surface of said 
third semiconductor layer; 

a gate electrode formed, via a gate insulat- 
ing film, at least over a channel region pro- 
vided by a surface of said third semiconductor 
layer in a portion between said second semi- 
conductor layer and said fourth semiconductor 
layer; 

a source electrode in contact with both 
said third semiconductor layer and said fourth 
semiconductor layer; 

a drain electrode for supplying a drain 
current through said first semiconductor layer; 
and 
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a plurality of said third semiconductor lay- 
ers compose a cell area in which said gate 
electrode is commonly connected to said plu- 
rality of said third semiconductor layers; 
wherein: 

a guard ring area is formed between said 
cell area and a periphery of said second semi- 
conductor layer to provide a band pattern sur- 
rounding said cell area; 

a fifth semiconductor layer is formed in a 
surface of said second semiconductor layer in 
a portion between said eel! area and a curved 
portion of said guard ring area; and 

said source electrode has an extension 
lying outside said cell area and connected to 
said fifth semiconductor layer. 

6. An insulated gate field effect transistor accord- 
ing to claim 5, wherein said cell area com- 
prises cells in the form of a stripe or polygon. 

7. An insulated gate field effect transistor accord- 
ing to claim 5, wherein said curved portion of 
said guard ring area comprises either a 
smooth curve or one or more angular edges. 

8. An insulated gate field effect transistor accord- 
ing to claim 5, wherein said fifth semiconductor 
layer is formed outside and surrounding said 
cell area and a gate electrode lead line and a 
source electrode lead line are formed on said 
fifth semiconductor layer. 

9. An insulated gate field effect transistor accord- 
ing to claim 5, wherein said fifth semiconductor 
layer is formed outside and surrounding said 
cell area and a source electrode lead line is 
formed on said fifth semiconductor layer. 

10. An insulated gate field effect transistor accord- 
ing to claim 5, wherein said fifth semiconductor 
layer is formed outside and surrounding said 
cell area and a gate electrode lead line is 
formed on said fifth semiconductor layer. 

11. An insulated gate field effect transistor accord- 
ing to claim 7, wherein, in the vicinity of said 
curved portion of said guard ring area, a con- 
tact between said gate electrode of said cell 
area and said gate electrode lead line formed 
on said fifth semiconductor layer and a contact 
between said extension of said source elec- 
trode and said fifth semiconductor layer are 
alternately disposed. 

12. An insulated gate field effect transistor accord- 
ing to claim 5 or 10, wherein, along the entire 
periphery of said cell area, a contact between 



said gate electrode of said cell area and said 
gate electrode lead line formed on said fifth 
semiconductor layer and a contact between 
said extension of said source electrode and 
5 said fifth semiconductor layer are alternately 

disposed. 

13. An insulated gate field effect transistor accord- 
ing to any one of claims 5 to 12, wherein, 

10 inside said curved portion of said guard ring, 

between said fifth semiconductor layer and 
said cell area, a sixth semiconductor layer of 
the second conductivity type is provided and 
connected to said source electrode of said cell 

is area. 

14. An insulated gate field effect transistor com- 
prising: 

a first semiconductor layer; 

20 a second semiconductor layer of a first 

conductivity type in contact with said first 
semiconductor layer; 

a third semiconductor layer of a second 
conductivity type formed in said second semi- 

25 conductor layer, with a junction between said 

second semiconductor layer and said third 
semiconductor layer terminating at a surface of 
said second semiconductor layer; 

a fourth semiconductor layer of the first 

30 conductivity type formed in said third semicon- 

ductor layer, with a junction between said third 
semiconductor layer and said fourth semicon- 
ductor layer terminating at a surface of said 
third semiconductor layer; 

35 a gate electrode formed, via a gate insulat- 

ing film, at least over a channel region pro- 
vided by a surface of said third semiconductor 
layer in a portion between said second semi- 
conductor layer and said fourth semiconductor 

40 layer; 

a source electrode in contact with both 
said third semiconductor layer and said fourth 
semiconductor layer; 

a drain electrode for supplying a drain 

45 current through said first semiconductor layer; 

and 

a plurality of said third semiconductor lay- 
ers compose a cell area in which said gate 
electrode is commonly connected to said plu- 
50 rality of said third semiconductor layers; 

wherein: 

a guard ring area is formed between said 
cell area and a periphery of said second semi- 
conductor layer to provide a band pattern sur- 
55 rounding said cell area; and 

a dummy layer composed of said third 
semiconductor layer in which said fourth semi- 
conductor layer is not formed in the vicinity of 
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(54) Insulated gate field effect transistor 

(57) An insulated gate field effect transistor com- 
prising a semiconductor substrate having one side on 
which a cell area is composed of a plurality of first wells 
(5) of a first conductivity type, each of the first wells con- 
taining a source region (6) of a second conductivity 
type, a channel region is defined in the surface portion 
of the semiconductor substrate adjoining to the source 
region (6), a gate electrode (8) is formed, via a gate 
insulating film, at least over the channel region, a 
source electrode (11) is in common contact with the 
respective source regions of the plurality of first wells; 
the semiconductor substrate having the other side on 
which a drain electrode is provided; and a current flow- 
ing between the source electrode and the drain elec- 
trode through the channel being controlled by a voltage 
applied to the gate electrode (8); wherein: a guard ring 
area (5) is disposed on the one side of the semiconduc- 
tor substrate so as to surround the cell area; and the 
source electrode has an extension connected to a sec- 
ond well (4) of a second conductivity type formed in the 
one side between the cell area and the guard ring area 
to provide a by-pass such that, when a current concen- 
tration occurs within the guard ring area, the concen- 
trated current is conducted directly to the source 
electrode in the cell area through the by-pass, thereby 
preventing the concentrated current from causing a for- 
ward biassing between the first wells and the source 
region. 
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